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(57)Abstract: 

PURPOSE: To obtain a switching power-supply circuit in 
which a loss caused by the operating delay of a 
MOS5ET for synchronous rectification with reference to 
the operation of a main switch is reduced to a minimum 
under various input conditions and various load 
conditions in a switching power supply which uses the 
MOSFET for a rectifying operation. 
CONSTITUTION: Control-signal levels V0 to V2 which 
correspond to an output voltage generated by a control 
circuit 26 and triangular waves V3 are level- compared 
by respective comparators 19 to 22, and respective 
switching elements 3 to 5 are ON-OFF-controlled by 
using respective comparison output pulses P0 to P2.At 
this time, the control-signal level V1 is level-shifted 
sequentially by constant values (VCE,1 , VCE2) by means of transistors 12, 13 in a saturated 
state, and the control-signal levels V0, V2 are generated. Since the control-signal levels V0, 
V2 are level-shifted by the constant values with reference to the control-signal level 1, the 
dead time in an ON-OFF-operation of the switching elements 3, 4, 5 can be maintained 
constant irrespective of an input/output condition. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A switching power supply circuit containing a transformer characterized by providing 
the following, a main-switch element which switches an upstream supply voltage of this 
transformer, a rectification smooth means which carries out rectification smoothness of the 
secondary output power of said transformer, and a switching device for synchronous detection by 
which on-off control is carried out by being prepared in this rectification smooth means and 
carrying out an abbreviation synchronization with on-off control action of said main-switch 
element A means to generate a from chopping sea A level shift means only for fixed level to 
carry out the level shift of the level of a direct-current control signal according to an output level 
of said rectification smooth means, and to generate level shift voltage A means which performs a 
level comparison with said direct-current control signal and said chopping sea, and makes this 
comparison pulse a switching pulse of said switching device for synchronous detection A means 
which performs a level comparison with said level shift voltage and said chopping sea, and 
makes this comparison pulse a switching pulse of said main-switch element 
[Claim 2] A switching power supply circuit which contains in a secondary winding of said 
transformer the serial, 1st [ by which on-off control is carried out by carrying out parallel 
connection and carrying out an abbreviation synchronization with on-off control action of said 
main-switch element ], and 2nd switching devices for synchronous detection, respectively in a 
transformer characterized by providing the following, a main-switch element which switches an 
upstream supply voltage of this transformer, a rectification smooth means which carries out 
rectification smoothness of the secondary output power of said transformer, and this rectification 
smooth means A means to generate a from chopping sea A level shift means to carry out the 
sequential fixed level [ every ] level shift of the level of a direct-current control signal according 
to an output level of said rectification smooth means, and to generate the 1st and 2nd level shift 
voltage A means which performs a level comparison with said direct-current control signal and 
said chopping sea, and makes this comparison pulse a switching pulse of said 1st switching 
device for synchronous detection A means which performs a level comparison with said 1st level 
shift voltage and said chopping sea, and makes this comparison pulse a switching pulse of said 
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main-switch element, and a means which performs a level comparison with said 2nd level shift 
voltage and said chopping sea, and makes this comparison pulse a switching pulse of said 2nd 
switching device for synchronous detection 

[Claim 3] Said level shift means is a switching power supply circuit according to claim 1 or 2 
characterized by including a bias means which carries out bias of the 1st and 2nd transistors by 
which the series connection was carried out, and each transistors, such as this, to saturation 
operating state, respectively. 

[Claim 4] Said level shift means is a switching power supply circuit according to claim 3 
characterized by being the configuration that the series connection of a variable impedance 
element from which an impedance can change freely, and said 1st and 2nd transistors was carried 
out to this order between power supplies according to an output level of said rectification smooth 
means. 

[Claim 5] a voltage level of a serial node of said variable impedance element and said 1st 
transistor - said direct-current control signal level *****♦-- a switching power supply circuit 
according to claim 4 characterized by things. 

[Claim 6] A switching power supply circuit according to claim 4 or 5 characterized by this photo 
detector being said variable impedance element including a means to generate a lightwave signal 
according to an output level of said rectification smooth means, and a photo detector which 
receives this lightwave signal and presents an impedance according to this lightwave signal. 
[Claim 7] A switching power supply circuit according to claim 6 characterized by including a 
photo coupler which supplies each of said switching pulse to the gate of a response switching 
device. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the switching power supply circuit 
which used the MOSFET synchronous detection circuit for the rectification section about a 
switching power supply circuit. 
[0002] 

[Description of the Prior Art] The synchronous detection method by MOSFET is adopted for the 
purpose of reducing the loss in the rectification section of a switching power supply circuit. 
Drawing 7 shows an example of a switching power supply circuit which used this synchronous 
detection method. 

[0003] In drawing, it is impressed by the upstream of a transformer 2 by carrying out on-off 
control of the input power through MOSFET3 which is a main-switch element. It is rectified by 
MOSFETs 4 and 5 for rectification, and the alternating current power by which induction is 
carried out to secondary [ of this transformer 2 ] is graduated by a choke coil 6 and the capacitor 
7, and is changed into direct-current output voltage. In addition, 1 is an input capacitor. 
[0004] Serial MOSFET4 for rectification and MOSFETS for commutation of juxtaposition in a 
secondary winding (for flywheels) are formed in the secondary winding of a transformer 2, and 
MOSFETs 4 and 5, such as this, are controlled by the rectifier-circuit section to turn on and off 
fundamentally synchronizing with turning on and off of the main-switch element 3. 
[0005] Furthermore, if it explains in full detail, when the main-switch element 3 is ON, 
MOSFET4 for rectification will serve as ON, and MOSFETS for commutation will serve as OFF. 
Moreover, when the main-switch element 3 is OFF, MOSFET4 for rectification becomes off and 
MOSFET5 for commutation serves as ON. 

[0006] That is, since MOSFET4 serves as ON and MOSFET5 becomes off when the main- 
switch element 3 is ON, supply of energy is performed from the input IN of a power supply to an 
output OUT. Moreover, when the main-switch element 3 is OFF, MOSFET4 becomes off, 
MOSFETS serves as ON, and energy will be supplied to the output OUT of a power supply by 
the stored energy of a choke coil 6. 

[0007] The actuation circuit which generates the on-off control pulse of the switching devices 3- 
5, such as this, is explained. Rectification smooth voltage is inputted into a control circuit 26, and 
the electrical signal according to this voltage level is changed into a lightwave signal by the light 
emitting device 1 1-1 of a photo coupler, and is impressed to a photo detector 11-2. 
[0008] This photo detector 1 1-2 is a variable impedance element from which that impedance 
changes according to the strength of this light. It connects [ this order ] with power supplies 8 
and 9 at a serial, and this variable impedance element 11-2 and resistance 27, 28, and 14 
constitute the control signal output circuit 29. 

[0009] output voltage V0 -V2 from each series-connection points, such as this, it becomes a 
control signal and draws - having — **** - this etc. ~ each - control signal level V0 -V2 
Chopping sea level V3 by the chopping sea generator 22 It is compared by the comparison 
machines 19-21, respectively. 

[0010] Control signal level VI of the serial node of a variable impedance element 1 1-2 and 
resistance 27 It is the chopping sea level V3 at a comparator 19. It is compared and is this 
comparison output PASURU PI. It is the gate control pulse of MOSFET4 through the insulating 
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circuit 23. 

[001 1] Control signal level V0 of a serial node with resistance 27 and 28 It is the chopping sea 
level V3 at a comparator 20. It is compared and is this comparison output PARUI P0. It is the 
gate control pulse of the main- switch element 3. 

[0012] Moreover, control signal level V2 of a serial node with resistance 28 and 14 It is the 
chopping sea level V3 at a comparator 21 . It is compared and is this comparison output pulse P2. 
It is control pulse P2 ? of MOSFET5 through the insulating circuit 24 and the inverter 25. 
[0013] In addition, the photo coupler is used and the insulating circuits 23 and 24 are performing 
the insulation between secondary [ of a transformer 2 / 1 /secondary ] with the photo coupler (11- 
1,11-2) which transmits the output signal of a control circuit 26 to the control signal output 
circuit 29. 

[0014] Next, actuation is explained. Drawing 8 is each part actuation wave form chart of the 
circuit of drawing 7 . The output signal of a control circuit 26 is transmitted to the photo-coupler 
light-receiving side 1 1-2 by the photo-coupler luminescence side 11-1. The impedance by the 
side of [ 1 1-2 ] photo-coupler light-receiving is changed. The voltage VI of the node of the 
photo-coupler light-receiving side 11-2 and resistance 27, and the voltage V0 of the node of** 
27 and resistance 28, Voltage V2 of the node of resistance 28 and resistance 14 It is made to 
change and is the voltage VI, such as this, V0, and V2. Chopping sea V3 By comparing, it is the 
output pulse PI of comparators 19, 20, and 21, P0, and P2. Pulse width is controlled. 
[0015] At this time, it is VI >V0 >V2. Since it is always maintained, relation is a pulse PI, P0, 
and P2. They are TON1, TON0, and TON2 about ON time amount. When it carries out, it is 
TON1 <TON0 <TON2. Relation is always maintained. 

[0016] Pulse PI The gate of FET4 is driven and it is a pulse P0. The gate of the main-switch 
element 3 is driven and it is a pulse P2. The gate of FET5 is driven by pulse P2 ' reversed with 
the inverter 25. 

[0017] Here, it is a pulse P0. They are tO and a pulse PI about the time of day to turn on. They 
are tl and a pulse PI about the time of day to turn on. The time of day to turn off t2, Pulse P0 It 
is the time of day to turn off t3 The time of day which pulse P2 ' turns on t4, It is the time of day 
which pulse P2 ' turns off t5 It carries out and is referred to as tl-tO =t3-t2 =TD1 (a pulse P0 and 
PI between dead time) and t4-t3 =t0-t5 =TD2 (a pulse P0 and dead time between P2 '). 
[0018] Time-of-day tO -tl Between and t2 -t3 In between, a main switch 3 has ON and off FET 4 
and 5, and the load current flows by the root of the secondary winding of the internal diode -> 
transformer 2 of secondary- winding -> coil 6 -> load ->FET4 of a transformer 2. 
[0019] Time-of-day tl -t2 In between, ON and FET5 have a main switch 3 and off FET4, and the 
load current flows by the root of the secondary winding of the secondary- winding -> coil 6 -> 
load ->FET4 -> transformer 2 of a transformer 2. 

[0020] Time-of-day t3 -t4 Between and t5 -tO Main ISUTCHI 3 and FET 4 and 5 are off in 
between, and the load current flows by the root of the internal diode -> coil 6 of coil 6 -> load - 
>FET5. Time-of-day t4 -t5 In between, a main switch 3 and FET4 are [ OFF and FET5 ] ON, 
and the load current flows by the root of coil 6 -> load ->FET5 -> coil ** 6. 
[0021] FET4 to actuation of a main switch 3 and the delay of ON of five cause flow loss of FET 
4 and 5, and loss by recovery current, when the load current flows to the internal diode of FET 4 
and 5, and the off delay of FET 4 and 5 to actuation of a main switch 3 causes short circuit loss 
of a main switch 3 and FET 4 and 5 by the secondary-winding short circuit of a transformer 2. 
[0022] So, at this example, it is a pulse P0. Just before turning off, it is a pulse PI . It turns off 
and is a pulse P0. It enables it to reduce loss resulting from the off delay of FET 4 and 5 to 
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actuation of a main switch 3 by turning off pulse P2 ', just before turning on. A pulse PO, PI , and 
P2 Effectiveness of a power supply will be made to max by forming the dead times TD1 and 
TD2 optimal in between. 
[0023] 

[Problem(s) to be Solved by the Invention] Although the optimal dead times TD1 and TD2 
existed from MOSFET4 for synchronous detection to actuation of a main switch, and the time 
delay of actuation of five in the switching power supply circuit using this conventional actuation 
circuit for MOSFET synchronous detection, when the input condition of a power supply and load 
conditions changed, it becomes impossible to have maintained these optimal dead times TD1 and 
TD2, and there was a problem that the effectiveness of a power supply fell 
[0024] rated input voltage and the output current ~ the effectiveness of a power supply — ****** 
— having — as — direct current voltage V0 which controls the pulse width of a main switch in 
order to extract the pulse width of a main switch when dead times TD1 and TD2 are set up 
( drawing 8 (a)), for example, the input voltage of a power supply rises ( drawing 8 (b)) It goes 
up. Since the impedance by the side of [ 1 1-2 ] photo-coupler light-receiving becomes small at 
this time and the flowing current increases resistance 27 and 28, it is direct current voltage V0. 
The direct current voltage VI which controls the pulse width of FET 4 and 5, and V2 A voltage 
difference increases, and dead times TD1 and TD2 increase to TDT and TD2', and it becomes 
impossible to maintain the optimal dead time. Therefore, the flow time amount of the internal 
diode of FET 4 and 5 will increase, flow loss of FET 4 and 5 and loss by recovery current will 
increase, and the effectiveness of a power supply will fall. 

[0025] The object of this invention is offering the switching power supply circuit which always 
enables maintenance of the optimal dead time, and can make power supply effectiveness good 
irrespective of change of I/O conditions. 
[0026] 

[Means for Solving the Problem] A main-switch element which switches an upstream supply 
voltage of a transformer and this transformer according to this invention, A means to be a 
switching power supply circuit containing a rectification smooth means which carries out 
rectification smoothness of the secondary output power of said transformer, and a switching 
device for synchronous detection by which on-off control is carried out by being prepared in this 
rectification smooth means and carrying out an abbreviation synchronization with on-off control 
action of said main-switch element, and to generate a from chopping sea, A level shift means 
only for fixed level to carry out the level shift of the level of a direct-current control signal 
according to an output level of said rectification smooth means, and to generate level shift 
voltage, A means which performs a level comparison with said direct-current control signal and 
said chopping sea, and makes this comparison pulse a switching pulse of said switching device 
for synchronous detection, A switching power supply circuit characterized by including a means 
which performs a level comparison with said level shift voltage and said chopping sea, and 
makes this comparison pulse a switching pulse of said main-switch element is obtained. 
[0027] Furthermore, a main-switch element which switches an upstream supply voltage of a 
transformer and this transformer according to this invention, A rectification smooth means which 
carries out rectification smoothness of the secondary output power of said transformer, A means 
to be the switching power supply circuit which contains in a secondary winding of said 
transformer the serial, 1st [ by which on-off control is carried out by carrying out parallel 
connection and carrying out an abbreviation synchronization with on-off control action of said 
main-switch element ], and 2nd switching devices for synchronous detection in this rectification 
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smooth means, respectively, and to generate a from chopping sea, A level shift means to carry 
out the sequential fixed level [ every ] level shift of the level of a direct-current control signal 
according to an output level of said rectification smooth means, and to generate the 1st and 2nd 
level shift voltage, A means which performs a level comparison with said direct-current control 
signal and said chopping sea, and makes this comparison pulse a switching pulse of said 1st 
switching device for synchronous detection, A means which performs a level comparison with 
said 1 st level shift voltage and said chopping sea, and makes this comparison pulse a switching 
pulse of said main-switch element, A switching power supply circuit characterized by including 
a means which performs a level comparison with said 2nd level shift voltage and said chopping 
sea, and makes this comparison pulse a switching pulse of said 2nd switching device for 
synchronous detection is obtained. 
[0028] 

[Function] Only fixed level carries out the level shift of the direct-current control signal level 
according to the rectification smooth voltage level which is a switching power supply output, 
level shift voltage is generated, and a comparison output pulse is obtained for each level of this 
level shift voltage and a direct-current control signal [ chopping sea level / respectively ]. Let 
comparison output pulses, such as this, be the on-off pulses of a main-switch element or the 
switching device for rectification. 
[0029] 

[Example] Hereafter, the example of this invention is explained using a drawing. 
[0030] Drawing 1 is the circuit diagram of one example of this invention, and the same sign 
shows drawing 7 and an equivalent portion. Only a different portion from drawing 7 is explained 
and it omits about other configurations. 

[0031] In the control signal output circuit 29, between power supplies 8-9, the photo detector 11- 
2 as a variable impedance element, NPN transistors 12 and 13, and resistance 14 carry out a 
series connection to this order, and are prepared in it. Between the base emitters of transistors 12 
and 13, this etc. Bias is given by resistance 15 and 16, and 17 and 18 from the power supply 
VCC. By selection of the power supplies VCC and VDD (impression supply voltage to a power 
supply 8), such as this, and resistance 15-18 Each transistors 12 and 13 operate in a saturation 
region, and the voltage shift level which is therefore a voltage drop with transistors 12 and 13 
serves as VCE1 and VCE2 (saturation voltage between collector emitters), and is maintained 
uniformly. 

[0032] And voltage VI of the serial point of a variable impedance element 11-2 and a transistor 
12 Chopping sea V3 A level comparison is carried out by the comparator 19. moreover, 
transistor 12V1 VCE1 only - voltage V0 which carried out the level shift Chopping sea V3 A 
level comparison is carried out by the comparator 20. furthermore, transistor 13V0 VCE2 only ~ 
voltage V2 which carried out the level shift Chopping sea V3 A level comparison is carried out 
by the comparator 21. 

[0033] Next, actuation is explained. Drawing 2 shows the wave of the circuit of drawing 1 of 
operation. Transistors 1 and 13 are VCE1 and VCE2 about the saturation voltage between 
collector emitters of transistors 12 and 13 here, respectively, although it drives according to the 
power supply 10 for transistor actuation and operates in a saturation state. It carries out. 
[0034] The output signal of the output voltage control circuit 26 is transmitted to the photo- 
coupler light-receiving side 1 1-2 by the photo-coupler luminescence side 11-1. The impedance 
by the side of [ 1 1-2 ] photo-coupler light-receiving is changed. The voltage V2 of the emitter of 
the voltage VI of the node of the collector of a transistor 12 and a transistor 12, the emitter of the 
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voltage VO of the node of the collector of a transistor 13 and a transistor 13, and the node of 
resistance 14 is changed the photo-coupler light-receiving side 11-2, respectively. The voltage 
VI, VO, and V2, such as this, is compared with a chopping sea V3. Thereby, the pulse width of 
the output pulses PI, PO, and P2 of comparators 19, 20, and 21 is controlled. 
[0035] Even if the impedance by the side of [ 1 1-2 ] photo-coupler light-receiving changes and 
the current which flows transistors 12 and 13 changes VCE1 and VCE2 It is fixed, the relation of 
V1=V0+VCE1 >V0>V2=V0-VCE2 is always maintained, and they are TON1, TON0, and 
TON2 about the ON time amount of pulses PI, PO, and P2. If it carries out The relation of TON1 
=TON0-2TDKTON0 <TON2 =TON0+2TD2 is always maintained (TD1; a pulse PO, the dead 
time between PI , the TD2; pulse PO, dead time between P2). 

[0036] The gate of FET4 is driven by the pulse PI, the gate of a main switch 3 is driven by the 
pulse P0, and the gate of FET5 is driven by pulse P2' which reversed PASURU P2 with the 
inverter 25. 

[0037] The rectification method of the load current in each time amount is the same as that of a 
circuit diagram 7 conventionally, and explanation is omitted. 

[0038] Although only time amount TD 1 turns off a pulse PI at the last time of day from the time 
of day which a pulse P0 turns off and pulse P2 f is turned off at the time of day in front of ** by 
time amount TD 2 at this example from the time of day which a pulse P0 turns on It is TDLY 
about FET4 to actuation of a main switch 3, and the time delay of actuation of five. If it carries 
out TD1 and TD2 >-TDLY It is the voltage [ VCE / VCE and / 2 ] 1 so that it may become. If it 
sets up, loss resulting from FET4 to actuation of a main switch 3 and the delay of OFF of five 
can be made into zero. Loss resulting from FET4 to actuation of a main switch 3 and the delay of 
ON of five can be made into min. 

[0039] TD1 and TD2-TDLY It is the saturation voltage [ VCE / VCE and / 2 ] 1 between 
collector emitters of transistors 12 and 13 so that it may become. It sets up by resistance 15 or 16 
and resistance 17 or 18. 

[0040] Dead times TD1 and TD2 are set up ( drawing 2 (a)), here - rated input voltage and the 
output current - the effectiveness of a power supply .-****** — having — as — For example, 
although the direct current voltage V0 which controls the pulse width of a main switch 3 rises in 
order to extract the pulse width of a main switch 3 when the input voltage of a power supply 
rises ( drawing 2 (b)) The difference with the direct current voltage VI and V2 which controls 
the pulse width of direct current voltage 4 and FET [ V0 and ] 5 at this time is VCE1 and VCE2, 
respectively. Since it is fixed, dead times TD1 and TD2 are fixed, and can maintain the optimal 
dead time. Therefore, even if the input condition of a power supply and load conditions change, 
the always optimal dead time can be maintained and the effectiveness of a power supply can be 
maintained to max. 

[0041] Drawing 3 shows the relation between the control signal level VI and dead times TD1 
and TD2 on the same conditions in each of the example of drawing 1 of this invention, and the 
example of conventional drawing 7 . 

[0042] Input voltage 48V(IN) output voltage 3.3V (OUT) and output current 3.6A and switching 
frequency of 300kHz Although it considers as the Ford converter, the input capacitance of 
1200pF and MOSFET of on resistance 45mohm are used for FET 4 and 5 and a dead time 
changes in proportion to the control signal level VI like a property 31 in the conventional 
example, it turns out in this example that a fixed dead time is always obtained like a property 30. 
[0043] In addition, although the saturation voltage of transistors 12 and 13 is used as an object 
for level shifts, it is clear that fixed level shift voltage may be obtained using zener diode. 
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[0044] Drawing 4 is the circuit diagram of other examples of this invention, and is common-use- 
ized, using the power supply 8 (VDD) of the control signal output circuit 29 as bias power 
supply for actuation of transistors 12 and 13. 

[0045] Drawing 5 is the circuit diagram of the example of further others of this invention, it is a 
thing using PNP transistors 12 and 13, and drawing 6 common-use-izes bias power supply for 
actuation of PNP transistors 12 and 13, such as this, with the power supply of the control signal 
output circuit 29. 
[0046] 

[Effect of the Invention] Since it has obtained with the voltage which carried out the fixed level 
shift of the control signal level for acquiring the on-off pulse of a switching device according to 
this invention as stated above The fixed dead time independent of the input condition and output 
condition of a power supply can be prepared in the on-off period of a main-switch element and 
the switching device for synchronous detection. Therefore, it is effective in becoming possible to 
always make into min loss which originates in the delay of MOSFET for synchronous detection 
of operation to actuation of a main-switch element, and power supply effectiveness becoming 
max. 
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TECHNICAL FIELD 



[Industrial Application] Especially this invention relates to the switching power supply circuit 
which used the MOSFET synchronous detection circuit for the rectification section about a 
switching power supply circuit. 
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PRIOR ART 



[Description of the Prior Art] The synchronous detection method by MOSFET is adopted for the 
purpose of reducing the loss in the rectification section of a switching power supply circuit. 
Drawing 7 shows an example of a switching power supply circuit which used this synchronous 
detection method. 

[0003] In drawing, it is impressed by the upstream of a transformer 2 by carrying out on-off 
control of the input power through MOSFET3 which is a main-switch element. It is rectified by 
MOSFETs 4 and 5 for rectification, and the alternating current power by which induction is 
carried out to secondary [ of this transformer 2 ] is graduated by a choke coil 6 and the capacitor 
7, and is changed into direct-current output voltage. In addition, 1 is an input capacitor. 
[0004] Serial MOSFET4 for rectification and MOSFET5 for commutation of juxtaposition in a 
secondary winding (for flywheels) are formed in the secondary winding of a transformer 2, and 
MOSFETs 4 and 5, such as this, are controlled by the rectifier-circuit section to turn on and off 
fundamentally synchronizing with turning on and off of the main-switch element 3. 
[0005] Furthermore, if it explains in full detail, when the main-switch element 3 is ON, 
MOSFET4 for rectification will serve as ON, and MOSFETS for commutation will serve as OFF. 
Moreover, when the main-switch element 3 is OFF, MOSFET4 for rectification becomes off and 
MOSFET5 for commutation serves as ON. 

[0006] That is, since MOSFET4 serves as ON and MOSFETS becomes off when the main- 
switch element 3 is ON, supply of energy is performed from the input IN of a power supply to an 
output OUT. Moreover, when the main-switch element 3 is OFF, MOSFET4 becomes off, 
MOSFET5 serves as ON, and energy will be supplied to the output OUT of a power supply by 
the stored energy of a choke coil 6. 

[0007] The actuation circuit which generates the on-off control pulse of the switching devices 3- 
5, such as this, is explained. Rectification smooth voltage is inputted into a control circuit 26, and 
the electrical signal according to this voltage level is changed into a lightwave signal by the light 
emitting device 1 1-1 of a photo coupler, and is impressed to a photo detector 11-2. 
[0008] This photo detector 1 1-2 is a variable impedance element from which that impedance 
changes according to the strength of this light. It connects [ this order ] with power supplies 8 
and 9 at a serial, and this variable impedance element 11-2 and resistance 27, 28, and 14 
constitute the control signal output circuit 29. 

[0009] output voltage V0 -V2 from each series-connection points, such as this, it becomes a 
control signal and draws - having --****-- this etc. -- each - control signal level V0 -V2 
Chopping sea level V3 by the chopping sea generator 22 It is compared by the comparison 
machines 19-21, respectively. 

[0010] Control signal level VI of the serial node of a variable impedance element 1 1-2 and 
resistance 27 It is the chopping sea level V3 at a comparator 19. It is compared and is this 
comparison output PASURU PI. It is the gate control pulse of MOSFET4 through the insulating 
circuit 23. 

[001 1] Control signal level V0 of a serial node with resistance 27 and 28 It is the chopping sea 
level V3 at a comparator 20. It is compared and is this comparison output PARUI P0. It is the 
gate control pulse of the main-switch element 3. 

[0012] Moreover, control signal level V2 of a serial node with resistance 28 and 14 It is the 
chopping sea level V3 at a comparator 21 . It is compared and is this comparison output pulse P2. 
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It is control pulse P2 ' of MOSFET5 through the insulating circuit 24 and the inverter 25. 
[0013] In addition, the photo coupler is used and the insulating circuits 23 and 24 are performing 
the insulation between secondary [ of a transformer 2 / 1 /secondary ] with the photo coupler (11- 
1,11-2) which transmits the output signal of a control circuit 26 to the control signal output 
circuit 29. 

[0014] Next, actuation is explained. Drawing 8 is each part actuation wave form chart of the 
circuit of drawing 7 . The output signal of a control circuit 26 is transmitted to the photo-coupler 
light-receiving side 1 1-2 by the photo-coupler luminescence side 11-1. The impedance by the 
side of [ 1 1-2 ] photo-coupler light-receiving is changed. The voltage VI of the node of the 
photo-coupler light-receiving side 1 1-2 and resistance 27 5 and the voltage V0 of the node of** 
27 and resistance 28, Voltage V2 of the node of resistance 28 and resistance 14 It is made to 
change and is the voltage VI, such as this, V0, and V2. Chopping sea V3 By comparing, it is the 
output pulse PI of comparators 19, 20, and 21, P0, and P2. Pulse width is controlled. 
[0015] At this time, it is VI >V0 >V2. Since it is always maintained, relation is a pulse PI, P0, 
and P2. They are TON1, TON0, and TON2 about ON time amount. When it carries out, it is 
TON1 <TON0 <TON2. Relation is always maintained. 

[0016] Pulse PI The gate of FET4 is driven and it is a pulse P0. The gate of the main-switch 
element 3 is driven and it is a pulse P2. The gate of FET5 is driven by pulse P2 1 reversed with 
the inverter 25. 

[0017] Here, it is a pulse P0. They are tO and a pulse PI about the time of day to turn on. They 
are tl and a pulse PI about the time of day to turn on. The time of day to turn off t2, Pulse P0 It 
is the time of day to turn off t3 The time of day which pulse P2 1 turns on t4, It is the time of day 
which pulse P2 ' turns off t5 It carries out and is referred to as tl-tO =t3-t2 =TD1 (a pulse P0 and 
PI between dead time) and t4-t3 =t0-t5 =TD2 (a pulse P0 and dead time between P2 '). 
[0018] Time-of-day tO -tl Between and t2 -t3 In between, a main switch 3 has ON and off FET 4 
and 5, and the load current flows by the root of the secondary winding of the internal diode -> 
transformer 2 of secondary-winding -> coil 6 -> load ->FET4 of a transformer 2. 
[0019] Time-of-day tl -t2 In between, ON and FET5 have a main switch 3 and off FET4, and the 
load current flows by the root of the secondary winding of the secondary-winding -> coil 6 -> 
load ->FET4 -> transformer 2 of a transformer 2. 

[0020] Time-of-day t3 -t4 Between and t5 -tO Main ISUTCHI 3 and FET 4 and 5 are off in 
between, and the load current flows by the root of the internal diode -> coil 6 of coil 6 -> load - 
>FET5. Time-of-day t4 -t5 In between, a main switch 3 and FET4 are [ OFF and FET5 ] ON, 
and the load current flows by the root of coil 6 -> load ->FET5 -> coil ** 6. 
[0021] FET4 to actuation of a main switch 3 and the delay of ON of five cause flow loss of FET 
4 and 5, and loss by recovery current, when the load current flows to the internal diode of FET 4 
and 5, and the off delay of FET 4 and 5 to actuation of a main switch 3 causes short circuit loss 
of a main switch 3 and FET 4 and 5 by the secondary-winding short circuit of a transformer 2. 
[0022] So, at this example, it is a pulse P0. Just before turning off, it is a pulse PI . It turns off 
and is a pulse P0. It enables it to reduce loss resulting from the off delay of FET 4 and 5 to 
actuation of a main switch 3 by turning off pulse P2 f , just before turning on. A pulse P0, PI, and 
P2 Effectiveness of a power supply will be made to max by forming the dead times TD1 and 
TD2 optimal in between. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As stated above, in this invention, it has obtained with the voltage 
which carried out the fixed level shift of the control signal level for acquiring the on-off pulse of 
a switching device. Therefore, the fixed dead time independent of the input condition and output 
condition of a power supply can be prepared in the on-off period of a main-switch element and 
the switching device for synchronous detection, and it is effective in becoming possible to 
always make into min loss which therefore originates in the delay of MOSFET for synchronous 
detection of operation to actuation of a main-switch element, and power supply effectiveness 
becoming max. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Although the optimal dead times TD1 and TD2 
existed from MOSFET4 for synchronous detection to actuation of a main switch, and the time 
delay of actuation of five in the switching power supply circuit using this conventional actuation 
circuit for MOSFET synchronous detection, when the input condition of a power supply and load 
conditions changed, it becomes impossible to have maintained these optimal dead times TD1 and 
TD2, and there was a problem that the effectiveness of a power supply fell. 
[0024] rated input voltage and the output current the effectiveness of a power supply ~ ****** 

having -- as - direct current voltage V0 which controls the pulse width of a main switch in 
order to extract the pulse width of a main switch when dead times TD1 and TD2 are set up 
( drawing 8 (a)), for example, the input voltage of a power supply rises ( drawing 8 (b)) It goes 
up. Since the impedance by the side of [ 1 1-2 ] photo-coupler light-receiving becomes small at 
this time and the flowing current increases resistance 27 and 28, it is direct current voltage V0. 
The direct current voltage VI which controls the pulse width of FET 4 and 5, and V2 A voltage 
difference increases, and dead times TD1 and TD2 increase to TDT and TD2 f , and it becomes 
impossible to maintain the optimal dead time. Therefore, the flow time amount of the internal 
diode of FET 4 and 5 will increase, flow loss of FET 4 and 5 and loss by recovery current will 
increase, and the effectiveness of a power supply will fall. 

[0025] The object of this invention is offering the switching power supply circuit which always 
enables maintenance of the optimal dead time, and can make power supply effectiveness good 
irrespective of change of I/O conditions. 
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MEANS 



[Means for Solving the Problem] A main-switch element which switches an upstream supply 
voltage of a transformer and this transformer according to this invention, A means to be a 
switching power supply circuit containing a rectification smooth means which carries out 
rectification smoothness of the secondary output power of said transformer, and a switching 
device for synchronous detection by which on-off control is carried out by being prepared in this 
rectification smooth means and carrying out an abbreviation synchronization with on-off control 
action of said main-switch element, and to generate a from chopping sea, A level shift means 
only for fixed level to carry out the level shift of the level of a direct-current control signal 
according to an output level of said rectification smooth means, and to generate level shift 
voltage, A means which performs a level comparison with said direct-current control signal and 
said chopping sea, and makes this comparison pulse a switching pulse of said switching device 
for synchronous detection, A switching power supply circuit characterized by including a means 
which performs a level comparison with said level shift voltage and said chopping sea, and 
makes this comparison pulse a switching pulse of said main-switch element is obtained. 
[0027] Furthermore, a main-switch element which switches an upstream supply voltage of a 
transformer and this transformer according to this invention, A rectification smooth means which 
carries out rectification smoothness of the secondary output power of said transformer, A means 
to be the switching power supply circuit which contains in a secondary winding of said 
transformer the serial, 1st [ by which on-off control is carried out by carrying out parallel 
connection and carrying out an abbreviation synchronization with on-off control action of said 
main-switch element ], and 2nd switching devices for synchronous detection in this rectification 
smooth means, respectively, and to generate a from chopping sea, A level shift means to carry 
out the sequential fixed level [ every ] level shift of the level of a direct-current control signal 
according to an output level of said rectification smooth means, and to generate the 1st and 2nd 
level shift voltage, A means which performs a level comparison with said direct-current control 
signal and said chopping sea, and makes this comparison pulse a switching pulse of said 1st 
switching device for synchronous detection, A means which performs a level comparison with 
said 1st level shift voltage and said chopping sea, and makes this comparison pulse a switching 
pulse of said main-switch element, A switching power supply circuit characterized by including 
a means which performs a level comparison with said 2nd level shift voltage and said chopping 
sea, and makes this comparison pulse a switching pulse of said 2nd switching device for 
synchronous detection is obtained. 
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OPERATION 



[Function] Only fixed level carries out the level shift of the direct-current control signal level 
according to the rectification smooth voltage level which is a switching power supply output, 
level shift voltage is generated, and a comparison output pulse is obtained for each level of this 
level shift voltage and a direct-current control signal [ chopping sea level / respectively ]. Let 
comparison output pulses, such as this, be the on-off pulses of a main-switch element or the 
switching device for rectification. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained using a drawing. 
[0030] Drawing 1 is the circuit diagram of one example of this invention, and the same sign 
shows drawing 7 and an equivalent portion. Only a different portion from drawing 7 is explained 
and it omits about other configurations. 

[0031] In the control signal output circuit 29, between power supplies 8-9, the photo detector 11- 
2 as a variable impedance element, NPN transistors 12 and 13, and resistance 14 carry out a 
series connection to this order, and are prepared in it. Between the base emitters of transistors 12 
and 13, this etc. Bias is given by resistance 15 and 16, and 17 and 18 from the power supply 
VCC. By selection of the power supplies VCC and VDD (impression supply voltage to a power 
supply 8), such as this, and resistance 15-18 Each transistors 12 and 13 operate in a saturation 
region, and the voltage shift level which is therefore a voltage drop with transistors 12 and 13 
serves as VCE1 and VCE2 (saturation voltage between collector emitters), and is maintained 
uniformly. 

[0032] And voltage VI of the serial point of a variable impedance element 1 1-2 and a transistor 
12 Chopping sea V3 A level comparison is carried out by the comparator 19. moreover, 
transistor 12V1 VCE1 only — voltage V0 which carried out the level shift Chopping sea V3 A 
level comparison is carried out by the comparator 20. furthermore, transistor 13V0 VCE2 only — 
voltage V2 which carried out the level shift Chopping sea V3 A level comparison is carried out 
by the comparator 2 1 . 

[0033] Next, actuation is explained. Drawing 2 shows the wave of the circuit of drawing 1 of 
operation. Transistors 1 and 13 are VCE1 and VCE2 about the saturation voltage between 
collector emitters of transistors 12 and 13 here, respectively, although it drives according to the 
power supply 10 for transistor actuation and operates in a saturation state. It carries out. 
[0034] The output signal of the output voltage control circuit 26 is transmitted to the photo- 
coupler light-receiving side 1 1-2 by the photo-coupler luminescence side 11-1. The impedance 
by the side of [ 1 1-2 ] photo-coupler light-receiving is changed. The voltage V2 of the emitter of 
the voltage VI of the node of the collector of a transistor 12 and a transistor 12, the emitter of the 
voltage V0 of the node of the collector of a transistor 13 and a transistor 13, and the node of 
resistance 14 is changed the photo-coupler light-receiving side 11-2, respectively. The voltage 
VI, V0, and V2, such as this, is compared with a chopping sea V3. Thereby, the pulse width of 
the output pulses PI, PO, and P2 of comparators 19, 20, and 21 is controlled. 
[0035] Even if the impedance by the side of [ 1 1-2 ] photo-coupler light-receiving changes and 
the current which flows transistors 12 and 13 changes VCE1 and VCE2 It is fixed, the relation of 
V1=V0+VCE1 >V0>V2=V0-VCE2 is always maintained, and they are TON1, TON0, and 
TON2 about the ON time amount of pulses PI, P0, and P2. If it carries out The relation of TON1 
=TON0-2TDl<TON0 <TON2 =TON0+2TD2 is always maintained (TD1; a pulse P0, the dead 
time between PI, the TD2; pulse P0, dead time between P2). 

[0036] The gate of FET4 is driven by the pulse PI, the gate of a main switch 3 is driven by the 
pulse P0, and the gate of FET5 is driven by pulse P2' which reversed PASURU P2 with the 
inverter 25. 

[0037] The rectification method of the load current in each time amount is the same as that of a 
circuit diagram 7 conventionally, and explanation is omitted. 

[0038] Although only time amount TD 1 turns off a pulse PI at the last time of day from the time 
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of day which a pulse PO turns off and pulse P2' is turned off at the time of day in front of * * by 
time amount TD 2 at this example from the time of day which a pulse PO turns on It is TDLY 
about FET4 to actuation of a main switch 3, and the time delay of actuation of five. If it carries 
out TD1 and TD2 >=TDLY It is the voltage [ VCE / VCE and / 2 ] 1 so that it may become. If it 
sets up, loss resulting from FET4 to actuation of a main switch 3 and the delay of OFF of five 
can be made into zero. Loss resulting from FET4 to actuation of a main switch 3 and the delay of 
ON of five can be made into min. 

[0039] TD1 and TD2=TDLY It is the saturation voltage [ VCE / VCE and / 2 ] 1 between 
collector emitters of transistors 12 and 13 so that it may become. It sets up by resistance 15 or 16 
and resistance 17 or 18. 

[0040] Dead times TD1 and TD2 are set up ( drawing 2 (a)), here rated input voltage and the 
output current - the effectiveness of a power supply --******— having - as — For example, 
although the direct current voltage V0 which controls the pulse width of a main switch 3 rises in 
order to extract the pulse width of a main switch 3 when the input voltage of a power supply 
rises ( drawing 2 (b)) The difference with the direct current voltage VI and V2 which controls 
the pulse width of direct current voltage 4 and FET [ V0 and ] 5 at this time is VCE1 and VCE2, 
respectively. Since it is fixed, dead times TD1 and TD2 are fixed, and can maintain the optimal 
dead time. Therefore, even if the input condition of a power supply and load conditions change, 
the always optimal dead time can be maintained and the effectiveness of a power supply can be 
maintained to max. 

[0041] Drawing 3 shows the relation between the control signal level VI and dead times TD1 
and TD2 on the same conditions in each of the example of drawing 1 of this invention, and the 
example of conventional drawing 7 . 

[0042] Input voltage 48V(IN) output voltage 3.3V (OUT) and output current 3. 6 A and switching 
frequency of 300kHz Although it considers as the Ford converter, the input capacitance of 
1200pF and MOSFET of on resistance 45mohm are used for FET 4 and 5 and a dead time 
changes in proportion to the control signal level VI like a property 3 1 in the conventional 
example, it turns out in this example that a fixed dead time is always obtained like a property 30. 
[0043] In addition, although the saturation voltage of transistors 12 and 13 is used as an object 
for level shifts, it is clear that fixed level shift voltage may be obtained using zener diode. 
[0044] Drawing 4 is the circuit diagram of other examples of this invention, and is common-use- 
ized, using the power supply 8 (VDD) of the control signal output circuit 29 as bias power 
supply for actuation of transistors 12 and 13. 

[0045] Drawing 5 is the circuit diagram of the example of further others of this invention, it is a 
thing using PNP transistors 12 and 13, and drawing 6 common-use-izes bias power supply for 
actuation of PNP transistors 12 and 13, such as this, with the power supply of the control signal 
output circuit 29. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the circuit diagram of one example of this invention. 

[Drawing 21 It is the wave form chart showing actuation of the circuit of drawing 1 , and (a) is 
each wave form chart when the input voltage of a power supply becomes high as for (b) ? when 
the I/O conditions of a power supply are rating. 

[Drawing 31 It is drawing having compared and shown the relation between control signal level 

and a dead time in this invention and the conventional example. 

[Drawing 41 It is the circuit diagram of other examples of this invention. 

[Drawing 5] It is the circuit diagram of another example of this invention. 

[Drawing 6] It is the circuit diagram of still more nearly another example of this invention. 

[Drawing 71 It is drawing showing the conventional switching power supply circuit. 

[Drawing 81 It is the wave form chart showing actuation of the circuit of drawing 7 , and (a) is 

each wave form chart when the input voltage of a power supply becomes high as for (b), when 

the I/O conditions of a power supply are rating. 

[Description of Notations] 

1 Input Capacitor 

2 Transformer 

3 Main-Switch Element 

4 Five Switching device for synchronous detection 

6 Choke Coil 

7 Output Capacitor 

11-1 Light Emitting Device 
11-2 Photo Detector 
12 13 Transistor 
14 Resistance 
15-18 Bias resistance 
19-21 Comparator 

22 Chopping Sea 

23 24 Insulating circuit 
25 Inverter 
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